Rare E arth Gold Tin, Rare Earth Gold Indium, Ordered U3Si2 and Z r3A l2-Structure
Introduction
We have recently reported on the synthesis of a new series of rare earth metal gold stannides of composition R E 2A u2Sn (R E = Y, Dy, Ho, Er, Tm, Lu) [1] , which crystallize in the ternary ordered Z r3A l2-type [2] , We have now extended these in vestigations with respect to the corresponding in dium systems. In the present paper, we report on the synthesis of G d2Au2Sn, Tb2Au2Sn and the in dides R E 2A u2In (R E = Y, G d -T m , Lu). While Tm 2A u2In and Lu2Au2In also crystallize in the or dered Z r3A l2-type, all other compounds adopt the ordered U 3Si2-type structure [3, 4] . Isotypic com pounds with uranium have been reported recently: U 2T 2Sn (T = Fe, Co, Ni, Ru, Rh, Pd, Pt) and U 2T 2In (T = Co, Ni, Rh, Pd, Ir, Pt) [5] [6] [7] [8] [9] ,
Sample Preparation and Lattice Constants
All chemicals were used as received from the suppliers: rare earth ingots (Johnson Matthey, >99.9%), gold wire ( 0 2 mm, Degussa, 99.9%), tin granules (Merck, 99.9%) and indium tear drops (Johnson Matthey, >99.9%). The samples were prepared by reacting the elemental components of the ideal compositions under argon in an arc-melt * R eprint requests to R. Pöttgen. ing furnace. The argon was further purified by molecular sieves and an oxisorb catalyst [10] . To ensure good homogeneity, all samples were turned over and remelted several times. The weight loss after several meltings was always negligible (<0.5 %). The arc-molten buttons were sub sequently sealed into evacuated quartz tubes and annealed at 800 °C for two weeks. The m elted and annealed samples have a light grey color, and they are dark grey in powdered form. Single crystals of Dy2Au2In show metallic lustre. Compact samples and coarse powder are stable in air. No deterior ation could be observed after several months.
All compounds were characterized from their Guinier powder patterns. Cu K«! radiation was used with 5N silicon (a = 543.07 pm) as an internal standard. The tetragonal lattice constants (see Table I ) were obtained by least-squares fits of the Guinier data. The identification of the diffraction lines was facilitated by intensity calculations [1 1 ] using the positional param eters of the refined structures of Dy2Au2In and E r2Au2Sn [1] ,
Structure Refinement
The isotypism of Dy2Au2In with U 2R h2Sn [5] and U 3Si2 [3, 4] was already recognized from the Guinier powder pattern. In contrast to E r2Au2Sn and the indides Tm2Au2In and Lu2Au2In, the pow der pattern did not show any additional reflections 0932-0776/94/1100-1525 $06.00 © 1994 Verlag der Zeitschrift für Naturforschung. All rights reserved. indicating the superstructure of the Z r3Al2-type. Single crystals of Dy2Au2In were isolated from an annealed button by mechanical fragm entation and examined with a Buerger precession camera to es tablish both symmetry and suitability for intensity data collection. The diffraction diagrams showed the high Laue symmetry 4/mmm, and the system atic extinctions (/zOO only observed with h = 2n, 0 k l only with k = 2 n) led to the space groups P4/ mbm, P 4 b 2 , and P 4bm , of which the centrosymmetric group P4/mbm (No. 127) was found to be correct during the structure refinements, in agree ment with the earlier results for U 2 R h2Sn [5] . Intensity data were collected on a four-circle dif fractom eter (CAD 4) with graphite m onochromat- ized AgKa! radiation and a scintillation counter with pulse-height discrimination. Experim ental details are listed in Table II .
The atomic coordinates of U 2R h2Sn [5] were taken as starting values and the structure was then sucessfully refined using SHELXL-93 [12] . which minimizes a weighted square residual "w R 2 " from all data using structure amplitudes IF2 1 rather than structure factors F. The standard residual "R l " is calculated purely for comparison. The refinem ent data are summarized in Table II . A final difference Fourier synthesis revealed an electron density of 4081 e/nm3 as highest peak, too close to the Au position (77 pm) to be suitable for an additional atomic site, and it is most likely due to incomplete absorption correction. Atomic coordinates and an isotropic displacement param eters are given in Table III , interatomic distances in Table IV.*   Table III . Atomic coordinates and anisotropic displace ment parameters (pm2x l0 -1) for Dy2Au2In. U eq is de fined as one third of the trace of the orthogonalized tensor. The anisotropic displacement factor exponent takes the form: 
Discussion
The recently reported series of the rare earth metal gold stannides R E 2A u2Sn (RE = Y, D yTm, Lu) [1] , crystallizing in the ordered Z r3Al2-type structure, is extended by the compounds G d2Au2Sn and Tb2Au2Sn. However, in contrast to the compounds with RE = Y, D y-T m , Lu, both G d2Au2Sn and T b2Au2Sn crystallize in the or dered U 3Si2 structure. We have also prepared the corresponding indium intermetallics. While the in dides with Y and G d -E r adopt the ordered struc ture of U 3Si2, Tm 2A u2In and Lu2Au2In crystallize in the ordered Z r3Al2-type structure.
For both series, we also tried to obtain the iso typic ytterbium compounds. However, the Guinier Dy2Au2ln powder diagrams of the arc-melted samples as well as those of the samples annealed at 800 °C for two weeks always showed diffraction patterns different from U 3Si2 and Z r3Al2. Such a powder pattern was also obtained when a mixture of the elemental components of the ideal composition was heated under argon in a sealed tantalum tube for five days at 1000 °C. A detailed investigation of these phases is now in progress.
The crystal structure of Dy2Au2In has been re fined from single-crystal X-ray data in order to have the information about the correct structure. The refinem ent clearly shows that Dy2Au2In ad opts the ordered U 3Si2 structure with the small unit cell. The gold and indium atoms in the twodimensionally infinite Au2In network are all on the m irror plane at z -0. The anisotropic displace m ent param eters (see Table III) give no indication for a puckering of these layers. This is also in agreem ent with the powder patterns where no superstructure reflections could be observed.
The crystal structure of Dy2Au2In is shown in Fig. 1 together with the structure of E r2Au2Sn as a projection along the c direction. In Fig. 2 we give the two different two-dimensionally infinite Au2Sn-and Au2In-networks. The structure of Dy2Au2In is build up from slightly distorted [InDy8] square prisms and [AuDy6] trigonal prisms which may be derived from the well known CsCl-and AlB2-type structures. A more detailed description of these structures has already been given in references 5 and 1. The [InDy8] square prisms also occur in Dyln which adopts the CsCl structure type [13, 14] , However, the D y -In dis tances of 345.9 pm in Dy2Au2In are somewhat longer than the corresponding bond lengths of 328 pm and 323 pm in Dyln [13, 14] and D yln3 with the C u 3A u structure [13, 15] , respectively. The [AuDy6] trigonal prisms of the Au2 atoms in DyAuIn with the ordered Fe2P structure [16] have a D y -A u distance of about 303 pm, in good agree ment with the average D y -A u bond lengths of 298 pm in Dy2Au2In. In Fig. 3 the lattice constants of the stannides and indides are plotted versus the series of the rare-earth elements. The two lattice param eters become smaller from gadolinium to lutetium, in agreement with the lanthanoid contraction. The a param eters of the yttrium compounds are com par able to the values of the dysprosium and holmium compound while the c param eters are comparable to the values of the terbium and dysprosium com pounds, respectively. From Fig. 3 it can also be seen that the c param eters of both series decrease somewhat steeper than the a parameters. Thus, the size of the rare earth atoms has its largest influ ence on the c parameters. The size of the two-di mensionally infinite Au2X-layers is less influenced.
The plot of the cell volumes shows only two minor anomalies. The a param eters of G d2Au2Sn and Tb2Au2Sn, which in contrast to the other stan nides adopt the U 3Si2 structure, slightly deviate from the volume plot. On the other hand, the c param eters of Tm2Au2In and Lu2Au2In, the only indides with Z r3Al2 structure, are slightly smaller than expected. This is in agreem ent with the slight puckering of the layers.
At this point it is interesting to ask why some of these 2 :2 : 1 compounds crystallize in the ordered U 3Si2-type whereas others adopt a superstructure (ordered Z r3Al2-type). There seem to be two geo metrical param eters responsible for this mecha nism: One is the ratio of the size of the T and X atoms in the two-dimensionally infinite T 2X -network; the second one is the size of the rare-earth atoms, separating the T2X-layers.
Up to know, the superstructure is only observed for the compounds with the large 5d transition metals, i. e. U2Ir2Sn [9] , U 2P t2Sn [5] , R E 2A u2Sn (R E = Y. Dy, Ho, Er, Tm, Lu) [1] , Tm2Au2In, and Lu2Au2In. The radii of these transition metals are 135.7 pm, 138.7 pm, and 144.2 pm, for iridium, platinum, and gold, respectively, all for a coordi nation number (CN) of 12 [17] , We can now discuss two different series: To the first one belong the rare-earth compounds R E 2A u2Sn and R E 2A u2In. They have the same Au2Sn-and Au2In-network while the size of the rare-earth atoms varies. As the rare-earth atoms, separating the Au2X-layers, become smaller, the Au2X-networks have to contract. At a certain point the strain in the Au2X-network is too large and the structure becomes puckered, resulting in the superstructure. This puckering begins with the dysprosium com pound for the stannides and with the thulium compound for the indides. This is due to the larger size of the indium atom (r(CN 12) = 166.3 pm [17] when com pared to the tin atom (r(CN 12) = 162.3 pm [17] ). A similar effect was also observed for the equiatomic silicides ThAuSi [18] and ScAuSi [19] . While ThAuSi (r(Th) -179.8 pm for CN 12 [17] ) crystallizes with the ordered AlB2-structure (LiBaSi-type), ScAuSi (r(Sc) = 164.1 pm for CN 12 [17] ) shows a slight puckering of the hexagonal AuSi-networks, resulting in the doubling of the lattice constant c.
From Fig. 2 it can easily be seen that the pucker ing does not drastically change the geometry of the Au2X network. The bond angles and inter atomic distances in the two networks are more or less the same. The largest difference occurs for the A u -A u distance, which is 3.7 pm smaller in the erbium compound, and for the A u -S n -A u bond angle of 172.2°.
The uranium stannides U 2T 2Sn [5] [6] [7] [8] [9] belong to the second series. These compounds have always the same (uranium) atoms separating the T2Sn-layers. If the transition metal atoms in these T2Sn-layers become larger, this also results in a strain. In the case of U2Ir2Sn and U 2P t2Sn, the strain is somewhat relieved by the puckering of the T 2Sn-layers. Such iridium and platinum stannides should probably exist in the undistorted structure when the uranium atoms are substituted by the larger thorium or rare-earth atoms.
Finally, it is interesting to note that the strain in the T2X-layers can also be relieved by the form a tion of defects. Kalychak and coworkers [20] re cently reported on two series of U 3Si2-type com pounds. Using copper they obtained the whole series of R E 2C u2In (R E = Y, L a -N d , Sm, G dTm, Lu) compounds. However, isotypic stannides with nickel could only be obtained with RE = La, Ce, Pr, and Na while the compounds with RE = Y, G d -T m , and Lu could only be prepared with a lower nickel content. The structure refinem ent for the gadolinium compound resulted in the com po sition G d2Nij 78Sn.
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